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Fertilin (previously known as PH-30) is a sperm protein that is a candidate molecule for mediating the binding and fusion
of the sperm and egg plasma membranes. Fertilin is a heterodimer, with a b subunit that has a region of homology to the
disintegrin family of integrin ligands and an a subunit that has a region of homology to viral fusion peptides. It has been
hypothesized that fertilin b and a subunits mediate the interactions between sperm and egg plasma membranes, namely,
binding and fusion, respectively. To address this hypothesis and to examine speci®cally the role of fertilin a in fertilization,
we have expressed the predicted extracellular domain of mouse fertilin a as a bacterial fusion protein with maltose-binding
protein. This fusion protein (hereafter referred to as recombinant fertilin a-EC) binds to the microvillar region of zona
pellucida (ZP)-free eggs, the region of the membrane to which sperm bind. This binding is reduced in the absence of
divalent cations and is supported by Ca2/, Mg2/, or Mn2/. Eggs that have been treated with chymotrypsin bind less
recombinant fertilin a-EC than do untreated eggs, suggesting that a chymotrypsin-sensitive binding site for recombinant
fertilin a-EC is present on egg surfaces. Binding to eggs is also affected by the method used to remove the ZP. Finally,
recombinant fertilin a-EC inhibits the binding of sperm to eggs during in vitro fertilization of ZP-free eggs. These data are
the ®rst evidence to suggest that fertilin a can function as a cell adhesion molecule during fertilization, mediating the
binding of sperm and egg plasma membranes. q 1997 Academic Press
INTRODUCTION 1990; Rochwerger et al., 1992; GarcõB a-Framis et al., 1994;
Allen and Green, 1995; Jin et al., 1996).
The sperm protein fertilin, a heterodimer of a and b sub-The molecular basis of interactions between sperm and
units, was identi®ed by the monoclonal antibody PH-30,egg plasma membranes is poorly understood. Speci®c do-
which cross-reacts with the b subunit (Blobel et al., 1990)mains on the sperm membrane (equatorial segment and pos-
and inhibits sperm±egg fusion (Primakoff et al., 1987). Bothterior head) and egg membrane (microvillar region) are in-
subunits are proteolytically processed from full-length pre-volved in this process (Yanagimachi, 1994), and several can-
cursor forms to mature forms; the ®nal processing stepsdidate molecules on both gametes' surfaces have been
occur at a time during epididymal transit that correspondsproposed to participate in the binding and/or fusion of the
to the acquisition of fertilization competence (Blobel et al.,gamete plasma membranes. These candidates include com-
1990). Fertilin a and b have been cloned in several speciesplement components and their receptors (Anderson et al.,
(Wolfsberg et al., 1993; Evans et al., 1995b; Perry et al.,1989; FeÂnichel et al., 1990; Anderson et al., 1993; Fusi et
1995; Wolfsberg et al., 1995b; Ramarao et al., 1996; Hardyal., 1991), extracellular matrix proteins and their receptors
and Holland, 1996; Vidaeus et al., 1997) and are both mem-(Fusi and Bronson, 1992; Fusi et al., 1992, 1994; Hoshi et
bers of a new molecular family known as the ADAMs (Aal., 1994; Bronson and Fusi, 1990; Bronson et al., 1995; An-
Disintegrin and Metalloprotease domain) or MDCs (Metal-derson et al., 1993; Almeida et al., 1995), and novel mole-
loprotease-Disintegrin-Cysteine rich) (Wolfsberg et al.,cules identi®ed by monoclonal antibodies that inhibit
1995a). ADAMs have similar domain structures (Wolfsbergsperm-egg binding and/or fusion (CuasnicuÂ et al., 1984; Sa-
ling et al., 1985; Primakoff et al., 1987; Okabe et al., 1988, et al., 1995a), and several members appear to be proteolyti-
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cally processed from precursor to mature forms (Blobel et 1992). It is not clear if fertilin a has fusogenic activity, and
if so, if this activity requires fertilin b to initiate bindingal., 1990; Linder et al., 1995; Yagami-Hiromasa et al., 1995).
Fertilin a and b have additional interesting sequence ho- to the egg membrane or whether fertilin a has binding activ-
ity of its own.mologies. The mature fertilin a subunit contains a domain
with homology to viral fusion peptides and the mature fer- To examine the possible role(s) of fertilin a in mouse
sperm±egg interactions, we expressed a recombinant formtilin b subunit contains a domain with homology to a fam-
ily of integrin ligands known as disintegrins (Blobel et al., of the extracellular domain of the predicted mature, proteo-
lytically processed mouse fertilin a subunit in bacteria as1992). The identi®cation of these two domains has led to
the hypothesis that fertilin b could mediate sperm binding a fusion protein with maltose-binding protein (MBP), based
on the predicted cleavage site determined from the studiesand fertilin a could mediate sperm±egg fusion. In support
of this hypothesis, there is evidence that implicates the b of guinea pig fertilin a (Blobel et al., 1992). Hereafter, this
fusion protein will be referred to as recombinant fertilin a-subunit of fertilin as a cell adhesion molecule that mediates
sperm binding to the egg plasma membrane. A tripeptide EC. Since fertilin a is hypothesized to mediate sperm±egg
fusion, and fertilin b, in contrast, is thought to mediatesequence in the disintegrin domain appears to participate
in sperm±egg membrane interactions (Myles et al., 1994; sperm±egg binding, it is worthwhile to examine the proper-
ties of the individual subunits. However, it should also beAlmeida et al., 1995, Evans et al., 1995b). In addition, a
soluble recombinant form of the extracellular domain of noted that native fertilin a/b heterodimer on sperm, fertilin
a/b heterodimer puri®ed from sperm, or recombinant fer-mature fertilin b (hereafter referred to as recombinant fer-
tilin b-EC) binds to the microvillar region of eggs and inhib- tilin subunit(s) expressed in a eukaryotic system may be
folded differently from recombinant fertilin a-EC, expressedits sperm binding during in vitro fertilization (Evans et al.,
1997). Like the binding of sperm (Almeida et al., 1995; Evans in bacteria and renatured as described, and thus these pro-
teins may have additional or different properties.et al., 1995b), the binding of recombinant fertilin b-EC is
inhibited by synthetic peptides corresponding to the disin- We ®nd that recombinant fertilin a-EC binds to eggs with
properties similar to those of sperm with respect to localiza-tegrin domain (Evans et al., 1997).
In contrast to fertilin b, the mature form of fertilin a tion, divalent cation dependence, and sensitivity to treat-
ment of the eggs with chymotrypsin or with different zonapresent on guinea pig sperm contains in its extracellular
domain only a small portion of the disintegrin domain, the pellucida (ZP) removal methods. Moreover, recombinant
fertilin a-EC inhibits sperm binding to ZP-free eggs, al-cysteine-rich domain (including the region with homology
to viral fusion peptides), and the EGF-like repeat (Fig. 1A). though with somewhat different characteristics from the
inhibitory activity of recombinant fertilin b-EC. These re-This is because N-terminal sequencing data suggest that
the proteolytic cleavage site in guinea pig fertilin a appears sults provide the ®rst evidence that fertilin a, despite its
lack of an integrin ligand domain, can function as a cellto lie toward the carboxy terminus of its disintegrin domain,
beyond the cell recognition peptide sequence (Blobel et al., adhesion molecule to mediate sperm binding to the egg
plasma membrane.
MATERIALS AND METHODS
Production of Recombinant Fertilin a-EC
The production, puri®cation, and renaturation of recombinant
fertilin a-EC was performed essentially as described for recombi-
nant fertilin b-EC (Evans et al., 1997). Brie¯y, the region encoding
the extracellular domain of mouse fertilin a (nt 945±1649, Acces-
sion No. U22056; Wolfsberg et al., 1995b) was prepared by PCR
ampli®cation from ®rst-strand cDNA (prepared by reverse tran-
scription as previously described; Temeles et al., 1994) round sper-
matids with a 5* primer corresponding to nt 945±960 engineered
with a BamHI restriction site (CAGGATCCTATTGTGACGGCA-
GTA) and a 3* primer corresponding to nt 1634±1649 engineered
with a stop codon and a SalI restriction site (TTTTGTCGACTT-
ATTTCAGGTTTACCTCT). The PCR product was then digestedFIG. 1. Design of recombinant fertilin a extracellular domain (re-
combinant fertilin a-EC) fusion protein. (A) Schematic representa- with BamHI and SalI and cloned into pMAL-p2 (New England Bio-
labs; Beverly, MA). The resulting plasmid (pMAL-a.16) (Fig. 1B)tion of the domain structure of fertilin a. (MP, metalloprotease;
Cys-rich, cysteine-rich; EGF, EGF-like repeat; TM, transmembrane was sequenced to verify that the insert was in frame and that the
coding sequence was correct. Restriction enzyme digests, ligations,domain) (B) Construction of recombinant fertilin a-EC expression
plasmid (pMAL-a.16) via ligation of the region encoding the pre- transformations, and selections of transformants were performed
according to standard protocols (Sambrook et al., 1989). Recombi-dicted extracellular domain of a subunit of mouse fertilin to the
coding region of MBP (mal E) in the parental vector pMAL-p2. nant fertilin a-EC was expressed in pMAL-a.16-carrying DH5a E.
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coli in response to induction with IPTG, puri®ed on an amylose buffer-treated and MBP-treated eggs [Evans et al., 1997; see also
Table 1 (this study)]; therefore, buffer-treated eggs were not in-af®nity column, and renatured by reduction and oxidation as pre-
viously described for recombinant fertilin b-EC (Evans et al., 1997). cluded in every experiment. Eggs were then inseminated in drops
(20 eggs per 10 ml drop) containing the same protein (0.25 mg/This fusion protein, recombinant fertilin a-EC, had the predicted
size (Mr 72,000, reducing conditions) and cross-reacted with anti- ml) and capacitated sperm (sperm concentrations used were 25,000
sperm/ml and 100,000 sperm/ml, as indicated in the ®gure legends).MBP antibodies on Western blots (Fig. 2). All batches prepared by
this protocol satis®ed the following criteria: (1) detection of an For experiments in which both recombinant fertilin a-EC and b-
EC were tested in combination (Table 3), ZP-free eggs were incu-electrophoretic shift by SDS±PAGE under reducing versus nonre-
ducing conditions; (2) binding to ZP-free eggs, and (3) inhibition bated in 0.25 mg/ml of the indicated protein (recombinant fertilin
a-EC, recombinant fertilin b-EC, or 0.25 mg/ml of each) prior toof sperm binding in in vitro fertilization assays. For all series of
experiments, at least two different preparations of recombinant insemination and in 0.125 mg/ml protein during insemination. Fol-
lowing insemination for 90 min, eggs were then ®xed and stainedfertilin a-EC were used.
with 1 mg/ml DAPI (4*,6-diamidino-2-phenylindole, Sigma) to as-
sess sperm binding and fusion as described previously (Evans et al.,
1995b).Egg Collection and Zona Pellucida Removal
In vitro fertilization of ZP-intact eggs was performed as follows.
Ovulated eggs were obtained from CF-1 mice (Harlan, Indianapo- Sperm were capacitated in vitro for 2 hr (Evans et al., 1995b). ZP-
lis, IN) as previously described (Evans et al., accompanying paper). intact eggs (20 eggs per 5 ml drop) were incubated in Whitten's
The ZP was removed by either acid treatment or chymotrypsin- medium containing WHITCO buffer, 0.5 mg/ml MBP, recombinant
mechanical treatment (CTM) as previously described (Boldt and fertilin a-EC, or recombinant fertilin b-EC for 60 min. Following
Wolf, 1886; Evans et al., 1995b, 1997). this incubation, 5 ml of sperm suspension were added such that the
®nal sperm concentration (1.5±2.0 1 106/ml) resulted in a sperm-
to-egg ratio of 700±1000 sperm/egg; lower sperm-to-egg ratios re-
Chymotrypsin Treatment of Eggs sulted in lower rates of fertilization [e.g., a ratio of 125 sperm/egg,
corresponding to a 10 ml drop containing 20 eggs and 250,000ZP-free eggs were treated with chymotrysin as previously de-
sperm/ml, resulted in 10±20% of the eggs being fertilized (data notscribed (Boldt et al., 1988; Evans et al., accompanying paper). In
shown)]. Following insemination for 3 hr, eggs were washed tothe presentation of data from these particular experiments (Fig. 6),
remove loosely attached sperm from the ZP, ®xed, and stained withthe average RLU/10 sec minus background [background  average
1 mg/ml DAPI as previously described (Evans et al., 1995b). WeRLU/10 sec of control eggs incubated in the absence of recombinant
found it nearly impossible to ascertain con®dently and reliably thefertilin a-EC] of untreated eggs incubated in recombinant fertilin
levels of sperm binding to egg membranes of ZP-intact eggs. If ZP-a-EC is de®ned as 100%.
intact eggs were ®xed following fertilization, then it was extremely
dif®cult to determine if sperm were bound to the egg membrane,
free in the perivitelline space, or bound to the ZP (data not shown).Immunocytochemical Detection of Recombinant
If the ZP was removed following fertilization, any sperm that hadFertilin a-EC Binding to Eggs
not fused with the egg detached upon ZP removal (data not shown).
Therefore, we do not report any data on sperm binding to theImmunocytochemical detection of recombinant fertilin a-EC
plasma membranes of ZP-intact eggs.binding to eggs was performed as previously described (Evans et
al., 1997) except that recombinant fertilin a-EC was used instead
of recombinant fertilin b-EC.
RESULTS
Luminometric Detection of Recombinant Fertilin Preparation of Recombinant Fertilin a-EC
a-EC Binding to Eggs
Recombinant fertilin a-EC was puri®ed from bacterial
Luminometric detection of recombinant fertilin a-EC binding to extracts using an amylose-af®nity resin that binds to the
eggs was performed as previously described (Evans et al., 1997) MBP fusion partner. This fusion protein, however, formed
except that recombinant fertilin a-EC was used instead of recombi- large multimeric aggregates that migrated near the top of
nant fertilin b-EC.
the gel under nonreducing conditions (data not shown), as
did recombinant fertilin b-EC (Evans et al., 1997). This was
likely due to the formation of intermolecular disul®deIn Vitro Fertilization of ZP-Free and ZP-Intact
bonds in the periplasmic space of the bacteria during IPTG-Eggs
induced expression; it should be noted that the extracellular
In vitro fertilization of ZP-free eggs was performed and assayed region of mature fertilin a contains 21 cysteines residues
as described previously (Evans et al., 1995b). ZP-free eggs were (Wolfsberg et al., 1995b). Recombinant fertilin a-EC was
obtained from CF1 female mice (six weeks old) as described above. detected on immunoblots with an anti-MBP antibody (Fig.
Sperm were collected from (C57BL/6J 1 SJL/J)F1 male mice (8±10 2). Following reduction of recombinant fertilin a-EC withweeks old) and capacitated in vitro for 3 hr (Evans et al., 1995b).
DTT, a polypeptide of Mr  72,000, the predicted size ofPrior to insemination, ZP-free eggs were incubated in Whitten's
the fusion protein based on deduced amino acid sequence,medium (Whitten, 1971) containing WHITCO buffer, 0.5 mg/ml
was observed (Fig. 2). Furthermore, when the DTT was re-MBP, recombinant fertilin b-EC, or recombinant fertilin a-EC for
60 min. Sperm binding and fusion were found to be similar in moved by dialysis, the recombinant fertilin a-EC appeared
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respects. Fertilin b has a disintegrin domain that includes
a functional cell recognition tripeptide (Myles et al., 1994;
Almeida et al., 1995; Evans et al., 1995b). Fertilin a, in
contrast, is proteolytically processed downstream from this
sequence and only contains a small portion of the disinte-
grin domain, based on N-terminal sequence data of guinea
pig fertilin a (Blobel et al., 1990; see also Fig. 1A). In addi-
tion, fertilin a contains a putative fusion peptide, but fer-
tilin b lacks this region (Blobel et al., 1992). While it has
been hypothesized that fertilin a participates in sperm±egg
membrane interactions (Blobel et al., 1992), there is no di-
rect evidence for this. To address this issue, we used two
assays, an immunocytochemical assay and a luminometric
assay, to examine if recombinant fertilin a-EC had the abil-
ity to bind to the egg plasma membrane.
The immunocytochemical assay revealed that recombi-
nant fertilin a-EC bound to the microvillar region of acid-
treated ZP-free eggs (Fig. 3A), the region to which sperm
bind and fuse (Yanagimachi, 1994). In contrast, binding to
the amicrovillar region overlying the meiotic spindle was
never observed. Control eggs, incubated in either WHITCO
buffer or with MBP, did not show visible ¯uorescence on
their surfaces (Evans et al., 1997; see also Fig. 3, this report).
The immuno¯uorescent pattern of recombinant fertilin a-
EC binding to eggs was not different on eggs that had not
been permeabilized with Triton X-100 (data not shown).
This binding to the microvillar region of the egg may be
due to the increased surface area in that region of the egg
membrane or due to a higher density of binding sites on the
microvillar region as compared to the amicrovillar region.FIG. 2. Electrophoretic mobility of recombinant fertilin a-EC un-
Using the luminometric immunoassay, we quanti®ed theder reducing or nonreducing conditions. Immunoblot of recombi-
binding of recombinant fertilin a-EC to eggs. In agreementnant fertilin a-EC with an anti-MBP antibody, separated by SDS±
with data from the immunocytochemical assay, we ob-PAGE on a 12.5% gel under reducing (Reduced) and nonreducing
conditions (Nonreduced) and then detected with an anti-MBP anti-
body. Lane 1, recombinant fertilin a-EC, reduced; lane 2, recombi-
nant fertilin a-EC, nonreduced.
to form intramolecular disul®de bonds; this renatured pro-
tein migrated with Mr  67,000 under nonreducing condi-
tions and Mr  72,000 under reducing conditions (Fig. 2).
Small amounts of malE gene products (Mr  52,000 and
43,000), presumably from incomplete translation of the fu-
sion protein-encoding transcripts and/or limited proteolysis
of the fusion protein, were detected in these preparations.
As previously shown, MBP did not show these shifts in
electrophoretic mobility under these conditions, since MBP FIG. 3. Immunocytochemical detection of recombinant fertilin
does not contain cysteine residues (Evans et al., 1997). a-EC binding to eggs. ZP-free mouse eggs prepared by acid treat-
ment were incubated with 0.5 mg/ml recombinant fertilin a-EC,
washed, ®xed, and processed for immunocytochemistry using an
Binding of Recombinant Fertilin a-EC to Mouse anti-MBP primary antibody and a ¯uorescent secondary antibody
as described under Materials and Methods. (A) Metaphase II-ar-Eggs
rested egg showing binding of recombinant fertilin a-EC to its mi-
We have shown that a recombinant form of the predicted crovillar region. The asterisk indicates the location of the amicrovi-
extracellular domain of mature fertilin b binds to the egg llar region overlying the meiotic spindle. (B) DAPI staining of the
plasma membrane (Evans et al., 1997). However, the mature egg shown in A, indicating the location of the meiotic chromo-
somes.forms of fertilin b and fertilin a differ in two signi®cant
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2.4 mM Ca2/ and 1.2 mM Mg2/) (Fig. 5). The addition of 0.5
mM EGTA to divalent cation-de®cient Whitten's medium
further reduced the binding of recombinant fertilin a-EC
(52% of the binding observed in Whitten's medium) (Fig.
5). This suggested that trace amounts of divalent cations in
the divalent cation-de®cient medium still supported some
binding of recombinant fertilin a-EC. All three individual
divalent cations tested (2.0 mM Ca2/, Mn2/, or Mn2/) sup-
ported the binding of recombinant fertilin a-EC to eggs;
binding was slightly reduced in Mg2/ and somewhat in-
creased in Mn2/, although neither of these levels of binding
differed signi®cantly from the levels of binding in Whitten'sFIG. 4. Luminometric assay for detecting the binding of recombi-
medium (84 and 121%, respectively) (Fig. 5). These resultsnant fertilin a-EC to eggs. Concentration dependence of the lumi-
were similar to our previous observations that sperm±eggnometric signal (measured of units of RLU per 10 sec duration, or
binding (Evans et al., 1995b) and recombinant fertilin b-ECRLU/10 sec) detected from individual eggs incubated in buffer (0
binding (Evans et al., 1997) are supported by the presencemg of protein), MBP (0.5 mg/ml), or various concentrations of re-
combinant fertilin a-EC. Shown is a representative experiment in of Ca2/, Mg2/, or Mn2/ as the only divalent cation in the
which 8±12 individual eggs were analyzed for each group. The data medium.
presented in this and subsequent ®gures are expressed as the mean
{ SEM.
Recombinant Fertilin a-EC Interacts with a
Chymotrypsin-Sensitive Site on Eggs
Many cell±cell interactions are mediated by cell surfaceserved very low luminometric signals from eggs incubated
proteins, and a similar mechanism of protein interactionsin WHITCO buffer or in MBP (Fig. 4). The luminometric
could mediate the binding of sperm to eggs. In agreementsignals detected from recombinant fertilin a-EC-treated
eggs were signi®cantly higher than the signals detected
from control eggs (buffer- or MBP-treated), and the levels of
binding were dependent on the concentration of protein
(0.1, 0.25, or 0.5 mg/ml) in which the eggs were incubated
(Fig. 4). This binding was reversible, since recombinant fer-
tilin a-EC dissociated from the egg's surface; the amount
of bound recombinant fertilin a-EC was reduced by 50%
when eggs were cultured for an additional 60 min in the
absence of protein (data not shown).
Effects of Divalent Cations on the Binding of
Recombinant Fertilin a to Eggs
Several cell adhesion molecules, including cadherins and
many members of the integrin family, function in a divalent
cation-dependent manner (Haas and Plow, 1994; Takeichi,
1990). In light of these data, we characterized the divalent FIG. 5. Effects of divalent cations on the binding of recombinant
cation dependence of sperm±egg membrane interactions fertilin a-EC to eggs. ZP-free eggs were prepared by acid treatment
(Evans et al., 1995b). We found that sperm were able to and binding of recombinant fertilin a-EC was determined using the
bind to eggs in the presence of each of the three individual luminometric assay. Whitten's medium contains 2.4 mM Ca2/ and
1.2 mM Mg2/. 0 mM D. C., divalent cation-de®cient medium. Thedivalent cations that we tested (Ca2/, Mg2/, Mn2/), and that
data are summarized from three individual experiments, assayingfusion occurred in the presence of Ca2/, as has been found
8±12 individual eggs per group per experiment, in which the bind-with other mammalian systems (Yanagimachi, 1978).
ing of recombinant fertilin a-EC in the various media is expressedTo extend these studies and to characterize the egg-bind-
as the mean percentage of Whitten's control { SEM (the averageing activity of recombinant fertilin a-EC, we examined the
RLU/10 sec) detected from eggs incubated in recombinant fertilindivalent cation dependence of the interaction of recombi-
a-EC in Whitten's is de®ned as 100%). Asterisks indicate samples
nant fertilin a-EC with the egg plasma membrane using the in which the decreased binding of recombinant fertilin a-EC was
luminometric assay. Binding of recombinant fertilin a-EC statistically signi®cant as compared to binding in the control, Whit-
to eggs was somewhat reduced in nonsupplemented diva- ten's medium (P  0.05, t test). In this and subsequent ®gures, the
lent cation-de®cient Whitten's medium (77% of the level data presented are from experiments using at least two different
preparations of recombinant fertilin a-EC.of binding observed in Whitten's medium, which contains
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with this, treatment of ZP-free mouse eggs with chymotryp-
sin reduces sperm binding and subsequent sperm±egg fu-
sion (Boldt et al., 1988). The effect of this protease was
dependent on the time of treatment and the concentration
of chymotrypsin, with treatment with 1 mg/ml chymotryp-
sin for 20 min having a maximal effect on sperm binding
(Boldt et al., 1988). More recently, we have shown that the
binding of recombinant fertilin b-EC is also reduced when
eggs were treated with chymotrypsin (Evans et al., 1997).
Similarly, eggs treated with 1 mg/ml chymotrypsin for 20
min bind approximately 50% the amount of fertilin a-EC as
do untreated eggs when examined using the luminometric
assay (Fig. 6). These data are interesting in light of the obser-
vation that a synthetic peptide corresponding to the puta- FIG. 7. Binding recombinant fertilin a-EC or recombinant fertilin
tive fusion peptide of guinea pig fertilin a can interact with b-EC to acid- or chymotrypin mechanically-treated eggs. ZP-free
lipid vesicles (Muga et al., 1994). While this ®nding (Muga eggs were prepared by either acid treatment or CTM treatment and
et al., 1994) suggests that fertilin a could interact directly then allowed to recover for 60 min prior to incubation in 0.5 mg/
with the lipid bilayer of the egg plasma membrane, our ml MBP, recombinant fertilin b-EC, or recombinant fertilin a-EC.
The amount of MBP, recombinant fertilin b-EC, or recombinantobservation of reduced binding of recombinant fertilin a-
fertilin a-EC binding to acid- and CTM-treated eggs was deter-EC to chymotrypsin-treated eggs implicates an egg surface
mined using the luminometric assay. The experiment was per-protein as mediating the binding of fertilin a as well.
formed three (CTM) or four (Acid) times, assaying 8±12 individual
eggs per group per experiment, with the data expressed as the mean
percentage of buffer control { SEM (the average RLU/10 sec de-
Effect of the Method of ZP Removal on the Binding tected from acid- or CTM-treated eggs incubated in buffer is de®ned
of Recombinant Fertilin a-EC to Eggs as 100%).
The methods used to remove the ZP from eggs could alter
the binding properties of the egg membrane (Myles, 1993),
and consistent with this is our observation that the method
used to remove the ZP from eggs affects the ability of the
eggs to support sperm binding, as well as the binding of
recombinant fertilin b-EC and antibodies to extracellular
antigens (Evans et al., 1997). To ascertain if the binding of
recombinant fertilin a-EC was also affected by ZP removal
methods, we examined the levels of binding to ZP-free eggs
prepared by two different methods (acid treatment and CTM
treatment). Using the luminometric assay, we found that
acid-treated eggs bound greater amounts of recombinant fer-
tilin a-EC than did CTM-treated eggs (Fig. 7). This is in
agreement with our previous ®nding that acid-treated eggs
bound more sperm and greater amounts of recombinant fer-
tilin b-EC than did CTM-treated eggs (Evans et al., 1997).
Under the conditions used, there was the suggestion that
eggs bound more recombinant fertilin a-EC than recombi-
nant fertilin b-EC; the reasons for this are presently un-
known.
To verify that the ability of ZP-free eggs to support the
FIG. 6. Effect of chymotrypsin treatment of ZP-free eggs on the binding of recombinant fertilin a-EC and b-EC was not an
binding of recombinant fertilin a-EC. ZP-free eggs were prepared artifactual effect of the ZP removal treatment, we used im-
by acid treatment, and then either treated with 1 mg/ml chymo- munocytochemistry to con®rm that these proteins were
trypsin for 20 min at 377C or left untreated and then allowed to able to bind to plasma membranes of ZP-intact eggs (data
recover for 45±60 min. Binding of recombinant fertilin a-EC was not shown). Furthermore, we observed that acid-treated
then determined using the luminometric assay. The data are sum-
eggs and eggs that had their ZP removed by mechanicalmarized from three individual experiments, assaying 8±12 individ-
shearing (i.e., no low pH, no proteases) bound nearly identi-ual eggs per group per experiment, and the binding data are ex-
cal amounts of recombinant fertilin a-EC and recombinantpressed as the mean percentage of untreated control { SEM (i.e.,
fertilin b-EC as detected by the luminometric assay (datathe average RLU/10 sec detected from untreated eggs incubated in
recombinant fertilin a-EC is de®ned as 100%). not shown).
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Effects of Recombinant Fertilin a-EC and ``binding'' refers to the average number of sperm bound per
egg, and ``fusion'' refers to the average number of spermRecombinant Fertilin b-EC on Sperm-Egg
Membrane Interactions during in Vitro fused per egg. Recombinant fertilin a-EC inhibited sperm
binding to 28% of sperm binding levels in MBP-treatedFertilization of ZP-Free and ZP-Intact Eggs
controls, and recombinant fertilin b-EC inhibited sperm
Sperm±egg binding is inhibited by synthetic peptides cor- binding to 32% of sperm binding levels in MBP-treated
responding to the disintegrin domain of fertilin b (Almeida controls (Table 2). The inhibitory effect of recombinant fer-
et al., 1995; Evans et al., 1995b) and by recombinant fertilin tilin b-EC on binding and fusion was similar in insemina-
b-EC (Evans et al., 1997), implicating fertilin b as a ligand tions that resulted in 3 bound per control MBP-treated
on sperm that is involved in binding to eggs. However, the egg and in inseminations that resulted in 8 sperm bound
only evidence for a role of fertilin a in cell±cell interactions per MBP-treated egg. In contrast, the effectiveness of recom-
comes from analysis of the deduced amino acid sequence, binant fertilin a-EC at inhibiting sperm binding and sperm±
which revealed a region with sequence homology and de- egg fusion was dependent on the level of sperm binding
duced structural similarity to viral fusion peptides (Blobel observed in the controls. Recombinant fertilin a-EC was
et al., 1992), and from studies that demonstrated that a less inhibitory in inseminations that resulted in 8 sperm
synthetic peptide corresponding to the putative fusion pep- bound per MBP-treated egg and was more inhibitory in in-
tide can interact with lipid vesicles and induce lipid vesicle seminations that resulted in 3 sperm bound per MBP-
fusion (Muga et al., 1994). In order to test the hypothesis treated egg. Moreover, recombinant fertilin a-EC-treated
that fertilin a, like fertilin b, plays a role in fertilization, eggs showed reduced levels (32% of control levels) of
we compared the abilities of recombinant fertilin a-EC and sperm±egg fusion in the subset of experiments that resulted
recombinant fertilin b-EC to inhibit sperm±egg interac- in 3 sperm bound per control MBP-treated egg (Table 2B).
tions (i.e., membrane binding and fusion) (Table 1). In contrast, the average number of sperm fused per egg in
We performed IVF of ZP-free eggs using two different recombinant fertilin b-EC-treated eggs was reduced to
sperm concentrations since, as noted previously, the num- 70% of control levels in all subsets of experiments and
ber of sperm bound to and fused with eggs is dependent on thus did not show any sensitivity to levels of sperm binding
the sperm concentration used during IVF (Evans et al., observed in controls (Table 2B).
1995b, 1997), as well as day-to-day variability in sperm and Finally, we tested the abilities of recombinant fertilin a-
egg quality. Experiments with both 25,000 sperm/ml and EC and recombinant fertilin b-EC to inhibit fertilization of
100,000 sperm/ml demonstrated that sperm binding to re- ZP-intact eggs (Table 3). By indirect immuno¯uorescence
combinant fertilin a-EC-treated eggs was reduced when of ZP-intact eggs incubated in recombinant fertilin a-EC or
compared to binding to control eggs, ranging 10±55% of b-EC, both proteins were observed in the perivitelline space
control levels and averaging 28% (Table 1, Table 2A). An and bound to the microvillar region of ZP-intact eggs, sug-
effect on sperm±egg fusion was more dif®cult to interpret, gesting that the proteins can diffuse through the ZP and
since a decrease in fusion could simply be a consequence gain access to the egg membrane (data not shown). We also
of reduced binding. We observed a statistically signi®cant observed that the numbers of sperm bound to the ZP and
decrease in sperm±egg fusion in recombinant fertilin a-EC- in the perivitelline space were similar in all experimental
treated egg in a subset of experiments in which relatively groups (data not shown). Since we found it extremely dif®-
low levels of sperm binding were observed. In experiments cult to assess con®dently sperm binding to the membranes
that resulted in less than three sperm bound per control of ZP-intact eggs (see Materials and Methods), we only as-
(MBP-treated) egg, decreases in the average number of sperm sayed for sperm±egg fusion in these experiments (average
fused per egg and in the percentage of eggs fertilized (Table number of sperm fused per egg and percentage of eggs fertil-
1, Expts. I±III; Table 2B) were observed in the recombinant ized).
fertilin a-EC-treated groups. However, in experiments that As described above, in experiments with ZP-free eggs,
resulted in greater than three sperm bound per control egg, both recombinant fertilin a-EC and recombinant fertilin b-
we observed that sperm binding was reduced to recombi- EC reduced sperm binding, which subsequently caused a
nant fertilin a-EC-treated eggs, but virtually no decrease in decrease in the incidence of sperm±egg fusion (Tables 1 and
sperm±egg fusion was observed (Table 1, Expts. IV±VIII; 2). Similarly, recombinant fertilin b-EC-treated ZP-intact
Table 2B); in other words, at least one of the sperm that eggs showed a decrease in sperm±egg fusion to 33% of
bound to the egg was still able to fuse with the egg's plasma control levels, suggesting that recombinant fertilin b-EC
membrane. reduced sperm binding suf®ciently to reduce the incidence
Both recombinant fertilin a-EC and recombinant fertilin of sperm±egg fusion to ZP-intact eggs (Table 3). However,
b-EC display roughly comparable abilities to inhibit sperm recombinant fertilin a-EC did not reduce the incidence of
binding during IVF (Table 1) with subtle differences that sperm±egg fusion to ZP-intact eggs (Table 3), in spite of the
were dependent on the level of sperm binding observed in fact that recombinant fertilin a-EC was observed to bind to
controls. These comparative data were normalized and pre- the membranes of ZP-intact eggs by immunocytochemistry
sented as percentages of MBP control levels that were de- (data not shown). Therefore, although the incidence of
sperm binding to the plasma membranes of recombinant®ned as 100% (Table 2). In the discussion of these results,
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TABLE 1
Effects of Recombinant Fertilin a-EC or Recombinant Fertilin b-EC on Sperm Binding and Fusion
Average no. Average no.
Sperm Treatmenta sperm bound sperm fused Percentage eggs
Expt. concentration (no. eggs) per egg per egg fertilized
I 25,000/ml MBP (27) 2.70 { 0.34 0.52 { 0.10 52
Fertilin b-EC (24) 0.96 { 0.17* 0.33 { 0.10 33
Fertilin a-EC (23) 0.26 { 0.10* 0.13 { 0.07* 13
II 25,000/ml Buffer (22) 1.77 { 0.25 0.82 { 0.11 77
MBP (26) 1.81 { 0.33 0.69 { 0.11 65
Fertilin b-EC (26) 0.62 { 0.14* 0.50 { 0.11 46
Fertilin a-EC (23) 0.39 { 0.15* 0.13 { 0.07* 13
III 25,000/ml MBP (24) 2.08 { 0.40 0.83 { 0.17 75
Fertilin b-EC (22) 0.92 { 0.19* 0.50 { 0.11 50
Fertilin a-EC (20) 0.91 { 0.24* 0.44 { 0.11* 43
IV 25,000/ml MBP (24) 4.63 { 0.85 0.79 { 0.12 71
Fertilin b-EC (22) 1.68 { 0.29* 0.86 { 0.08 86
Fertilin a-EC (20) 1.15 { 0.18* 0.80 { 0.09 80
V 100,000/ml Buffer (14) 9.43 { 1.06 1.57 { 0.14 100
MBP (24) 8.46 { 0.91 1.42 { 0.13 96
Fertilin b-EC (25) 2.88 { 0.52* 1.00 { 0.13* 84
Fertilin a-EC (24) 4.63 { 0.59* 1.17 { 0.13 92
VI 100,000/ml Buffer (23) 9.91 { 0.94 1.65 { 0.18 100
MBP (24) 10.67 { 1.20 1.38 { 0.15 96
Fertilin b-EC (23) 2.17 { 0.39* 1.25 { 0.12 96
Fertilin a-EC (23) 3.74 { 0.37* 1.48 { 0.14 100
VII 100,000/ml MBP (21) 8.67 { 0.93 1.62 { 0.45 81
Fertilin b-EC (22) 2.91 { 0.44* 0.86 { 0.14 73
Fertilin a-EC (22) 4.27 { 0.60* 1.00 { 0.13 86
VIII 100,000/ml MBP (19) 4.47 { 0.80 0.63 { 0.14 58
Fertilin b-EC (24) 0.83 { 0.18* 0.42 { 0.10 42
Fertilin a-EC (21) 0.48 { 0.13* 0.33 { 0.11 33
Note. *Statistically signi®cant (t test, P  0.05) as compared to MBP control.
a The concentration of MBP, recombinant fertilin a-EC, and b-EC was 0.5 mg/ml.
fertilin a-EC-treated ZP-intact eggs may have been reduced, and sperm are sensitive to proteolytic digestion by chymo-
trypsin and to the method used to remove the ZP (Boldtthese results suggest that the sperm that bound to the egg
plasma membrane were still able to fuse. et al., 1988, Evans et al., 1997). Furthermore, recombinant
fertilin a-EC reduces sperm binding to ZP-free eggs, sug-
gesting that recombinant fertilin a-EC competes with
sperm for binding sites on the egg plasma membrane. ThisDISCUSSION
is the ®rst evidence that fertilin a can function as a cell
adhesion molecule.We present data from experiments using a soluble recom-
binant form of the extracellular domain of fertilin a that This putative adhesive function is interesting in light of
the fact that mature fertilin a on sperm is an ADAM that,implicate this sperm protein as a cell adhesion molecule
that participates in fertilization. We have expressed a re- unlike fertilin b, lacks the disintegrin domain, based on N-
terminal sequencing studies of guinea pig fertilin a (Blobelcombinant form of the putative extracellular domain of the
mouse fertilin a subunit (recombinant fertilin a-EC) and et al., 1990). This suggests that other domains of fertilin
a, particularly the cysteine-rich domain and the EGF-likedemonstrated that it has many egg-binding properties that
are similar to those displayed by sperm. Recombinant fer- repeat, participate in cell±cell interactions. These domains
of fertilin a and b share modest amino acid sequence iden-tilin a-EC binds to the egg plasma membrane, and this bind-
ing is spatially restricted to the microvillar region to which tity (cysteine-rich domain, 23%; EGF-like repeat to the start
of the transmembrane domain, 27%), and a recombinantsperm bind. This binding occurs in the presence of Ca2/,
Mg2/, or Mn2/ and is reduced in the absence of divalent form of fertilin b lacking the disintegrin domain but con-
taining the cysteine-rich domain and the EGF-like repeatcations, as is sperm binding (Evans et al., 1995b). Binding
sites on eggs for both recombinant fertilin a-EC (this report) binds to the microvillar region of the egg plasma membrane,
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TABLE 2 Recombinant fertilin a-EC shares many properties with
Comparison of the Effects of Recombinant Fertilin b-EC recombinant fertilin b-EC (Evans et al., 1997), and with
and Recombinant Fertilin a-EC on Sperm Binding sperm. These include the localization of binding to the mi-
and Sperm±Egg Fusiona crovillar region of eggs, the divalent cation dependence of
binding, the chymotrypsin-sensitivity of binding sites on
A. Effect of the average number of sperm bound per egg
the egg surface, and binding being affected similarly by dif-(% of MBP control)
ferent ZP removal methods. In contrast, there were differ-
Control sperm Recombinant Recombinant ences in the divalent cation dependence of binding which,
binding fertilin b-EC fertilin a-EC although small, were statistically signi®cant (data not
shown). Recombinant fertilin a-EC binding is less sensitiveAll experiments 32.0 { 3.0 27.6 { 5.6
to the absence of divalent cations in the medium than is8 sperm bound/egg 29.3 { 4.7 46.3 { 5.9
recombinant fertilin b-EC; this is in agreement with the5 sperm bound/egg 33.6 { 4.1 22.4 { 6.2
®nding that synthetic peptides corresponding to the puta-3 sperm bound/egg 37.7 { 3.2 25.3 { 10.0
tive fusion peptide of fertilin a interact with lipid vesicles
in a divalent cation-de®cient buffer (Muga et al., 1994). ThisB. Effect on the averge number of sperm fused per egg
(% of MBP control) difference is not unexpected. The interaction of recombi-
nant fertilin b-EC is mediated at least in part by its disinte-
Control sperm Recombinant Recombinant
grin domain, and recombinant fertilin a-EC lacks most ofbinding fertilin b-EC fertilin a-EC
the disintegrin domain. Similarly, recombinant fertilin a-
All experiments 73.1 { 6.6 62.6 { 11.5 EC contains a putative fusion peptide in its cysteine-rich
8 sperm bound/egg 71.5 { 11.0 83.7 { 13.0 domain, and recombinant fertilin b-EC lacks this domain.
5 sperm bound/egg 74.2 { 8.9 50.0 { 14.5 Furthermore, the overall identity of the overlapping regions
3 sperm bound/egg 65.0 { 3.6 32.3 { 10.5b of mouse fertilin a and b is 27%. Thus, while fertilin a and
b are clearly related to each other, these differences allowa The data from each experiment in Table 1 were normalized,
for the possibility that these proteins have different bindingsetting the average numbers of sperm bound or fused per egg in
properties and potentially different cognate binding sites onMBP-treated controls as 100%; the average numbers of sperm
eggs.bound or fused per egg in recombinant fertilin b-EC or a-EC were
expressed as a percentage of MBP controls. Recombinant fertilin a-EC and recombinant fertilin b-EC
b Statistically signi®cant as compared to effect of recombinant also differ in their ability to inhibit IVF. Recombinant fer-
fertilin b-EC (unpaired t test, two tailed, P  0.05). tilin b-EC-treated ZP-free eggs show reduced levels of sperm
binding and sperm±egg fusion (Table 1); the degrees of these
inhibitions are similar in all experiments and do not corre-
late with differences in sperm binding in controls (Table 2).
In contrast, the degrees of inhibition of sperm binding andbut it is not as effective at inhibiting sperm binding as is a
recombinant form of fertilin b-EC that includes the disinte- sperm±egg fusion with recombinant fertilin a-EC-treated
ZP-free eggs correlate with differences in sperm binding ingrin domain (see Evans et al., 1997). This observation sug-
gests that the disintegrin domain of fertilin b contributes controls (Table 2). Thus, while both recombinant fertilin b-
EC and recombinant fertilin a-EC inhibit sperm binding,amino acids that are either critical for recognition by a bind-
ing site on the egg membrane or for the folding of the extra- these data suggest that recombinant fertilin b-EC may be
the more effective reagent at inhibiting sperm binding, be-cellular domain. This also suggests that the cysteine-rich
domains and the EGF-like repeats of fertilin a and b may cause sperm binding to recombinant fertilin b-EC-treated
eggs is reduced even when relatively high levels of spermdiffer in their ability to inhibit sperm binding to egg mem-
branes. binding are observed in controls. In contrast, recombinant
fertilin a-EC is less effective at inhibiting sperm bindingGuinea pig fertilin a has been hypothesized to mediate
sperm±egg fusion because it contains a stretch of 24 amino when relatively high levels of sperm binding are observed
(Table 2). This interpretation is in agreement with our re-acids that has homology to viral fusion peptides (Blobel et
al., 1992). Moreover, synthetic peptides corresponding to sults from IVF experiments with ZP-intact eggs, in which
recombinant fertilin b-EC reduces the incidence of sperm±this domain in guinea pig fertilin a bind to lipid vesicles
and induce lipid vesicle fusion (Muga et al., 1994), sug- egg fusion, but recombinant fertilin a-EC does not (Table
3). Since we could not accurately assess sperm binding togesting that this domain could interact with lipid compo-
nents of the egg membrane. However, it appears that an egg ZP-intact eggs (see Materials and Methods), it is possible
that recombinant fertilin a-EC-treated ZP-intact eggs showsurface protein(s) is involved in the binding of recombinant
mouse fertilin a-EC, since chymotrypsin treatment of eggs reduced levels of binding of sperm but that reduced levels
of sperm±egg fusion would not be observed if sperm thatreduces their ability to bind recombinant fertilin a-EC (Fig.
5). Other domains of recombinant fertilin a-EC, in addition bind are still capable of fusing. It should be noted that,
once a sperm gains access to the perivitelline space, theto the fusion peptide, may participate in the binding of this
protein to the egg surface. probability of sperm binding and fusion presumably in-
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TABLE 3
Effects of Recombinant Fertilin a-EC or b-EC on Sperm±Egg Fusion during IVF of ZP-Intact Eggs
Treatmenta Average Percentage of Percentage of
Expt. (no. eggs) no. sperm fused/egg MBP control eggs fertilized
I buffer (20) 1.00 { 0.07 95
MBP (21) 1.00 { 0.07 95
fertilin b-EC (19) 0.58 { 0.12* 58 58
fertilin a-EC (20) 1.05 { 0.09 105 95
II buffer (20) 0.70 { 0.11 70
MBP (18) 0.89 { 0.11 83
fertilin b-EC (20) 0.35 { 0.13* 39 35
fertilin a-EC (20) 0.90 { 0.10 101 85
III buffer (19) 0.74 { 0.10 74
MBP (18) 0.72 { 0.14 67
fertilin b-EC (16) 0.39 { 0.12* 54 39
fertilin a-EC (18) 1.00 { 0.00* 138 100
IV buffer (22) 0.68 { 0.10 68
MBP (22) 0.55 { 0.11 55
fertilin b-EC (21) 0.43 { 0.11 78 43
fertilin a-EC (22) 0.23 { 0.09* 42 23
V MBP (17) 0.35 { 0.12 35
fertilin b-EC (17) 0.00 { 0.00* 0 0
fertilin a-EC (17) 0.12 { 0.08 34 12
VI buffer (18) 0.33 { 0.11 33
MBP (18) 0.17 { 0.09 17
fertilin b-EC (18) 0.00 { 0.00* 0 0
fertilin a-EC (19) 0.21 { 0.10 123 21
VII buffer (19) 0.32 { 0.11 32
MBP (19) 0.21 { 0.10 21
fertilin b-EC (19) 0.00 { 0.00* 0 0
fertilin a-EC (20) 0.21 { 0.10 100 21
Average fetilin b-EC 32.7 { 12.3
fertilin a-EC 91.8 { 14.8
Note. * Statistically signi®cant as compared to MBP control (P  0.05, one-tailed t test).
a The concentration of MBP, recombinant fertilin a-EC, and b-EC was 0.5 mg/ml.
creases, because the sperm is limited to a very small volume served with different reagents. For example, synthetic pep-
tides corresponding to fusion peptides in guinea pig fertilinand is in the immediate proximity to the egg surface. In
contrast, recombinant fertilin b-EC appears to be suf®- a (Muga et al., 1994), HA of in¯uenza (Murata et al., 1987),
or the F1 subunit of the membrane fusion protein of measlesciently effective at inhibiting the binding of sperm in the
perivitelline space such that a reduction in the incidence virus (Yeagle et al., 1991) increased the incidence of fusion
of mixed populations of lipid vesicles or fusion of virusof sperm±egg fusion is observed (Table 3). This agrees with
our proposal that recombinant fertilin b-EC is more inhibi- particles with vesicles. On the other hand, a soluble form
of the herpes simplex virus glycoprotein D was shown totory in IVF of ZP-free eggs than is recombinant fertilin a-
EC. The observation that recombinant fertilin b-EC reduces decrease the incidence of virus fusion with cells with no
effect on virus binding to cells (Johnson et al., 1990) [ (al-sperm±egg fusion to ZP-intact eggs is also in agreement
with the ®nding that peptides corresponding to the disinte- though it should be noted that the fusion protein(s) of herpes
simplex virus are thought to be more complex than an indi-grin domain of guinea pig fertilin b reduce the incidence of
sperm fusion with ZP-intact guinea pig eggs (Myles et al., vidual protein with a fusion peptide (White, 1992) and that
three different membrane glycoproteins, including glyco-1994).
It is dif®cult to interpret from these experiments if there protein D, appear to be required for virus fusion (Spear et
al., 1992)]. However, we did not see a signi®cant decreaseis a direct effect of recombinant fertilin a-EC on sperm±
egg fusion, because a decrease in sperm±egg fusion may or increase in fusion in our experimental system examining
the incidence of sperm±egg fusion in the presence of recom-simply be a consequence of reduced sperm binding. Further-
more, in other experimental systems in which the incidence binant fertilin a-EC. Recombinant fertilin a-EC does not
cause a dramatic decrease or increase in fusion to eitherof fusion is examined, two different effects have been ob-
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ZP-intact eggs (92% of control levels; Table 3) or ZP-free still undergo sperm±egg fusion with at least one of the
bound sperm, but experiments with low concentrations ofeggs that showed relatively high levels of sperm binding
(83% of control levels; Table 2). However, data from a sub- sperm can show a decrease in the incidence of fusion, pre-
sumably a result of decreased binding (Evans et al., 1995b).set of experiments show that recombinant fertilin a-EC-
treated ZP-free eggs exhibit reduced levels of sperm±egg Other molecules appear to play a role in fusion with no
apparent participation in binding (GarcõB a-Framis et al.,fusion when sperm binding to control eggs is low (32% of
control levels; Table 2B). While this result is similar to the 1994; Rochwerger et al., 1992). For example, eggs treated
with the epididymal protein DE do not show decreased lev-effect of soluble glycoprotein D on the fusion of herpes
simplex virus with cells, it should be emphasized that the els of sperm binding as compared to controls, but show
decreased levels of sperm±egg fusion (Rochwerger et al.,reduction of fusion of sperm and ZP-free eggs in the pres-
ence of recombinant fertilin a-EC is subtle and can be over- 1992).
Unlike DE-treated eggs, recombinant fertilin a-EC-come if the egg is challenged with higher sperm concentra-
tions (Table 2). Thus, our data do not de®nitively demon- treated eggs show decreased levels of sperm binding. Since
binding occurs prior to fusion, the decrease in binding maystrate that fertilin a plays a role in membrane fusion of
mouse sperm and eggs. It is also possible that multiple result in a decrease in the incidence of fusion, thus making
it dif®cult to interpret if recombinant fertilin a-EC affectssperm proteins, in addition to fertilin a, participate in fu-
sion, somewhat analogous to the proposed fusion mecha- sperm±egg fusion, as has been a hypothesized role for fer-
tilin a based on its region of sequence homology to viralnism of herpes simplex virus (Spear et al., 1992). In support
of this possibility, treatments of eggs with the sperm-associ- fusion peptides (Blobel et al., 1990). We do not observe a
dramatic decrease in sperm±egg fusion to eggs that haveated protein DE (Rochwerger et al., 1992) or sperm with
antibodies against the fertilin b subunit (Primakoff et al., been treated with recombinant fertilin a-EC, in contrast to
studies of eggs that have been treated with DE (Rochwerger1987) or other antigens (Garcia-Framis et al., 1994) can in-
hibit sperm±egg fusion. et al., 1992). Since it is conceivable that a domain of recom-
binant fertilin a-EC that is involved in sperm±egg fusionTwo different results suggest that members of the ADAM
family (meltrin a and fertilin a) could mediate membrane may not refold properly during in vitro renaturation or with-
out dimerization with the fertilin b subunit, it is possiblefusion events. Overexpression of a truncated, but not a full-
length, form of meltrin a in a myoblast cell line facilitated that a properly folded form or a dimerized form of recombi-
nant fertilin a-EC would completely inhibit sperm±egg fu-cell±cell fusion upon differentiation (Yagami-Hiromasa et
al., 1995). The evidence suggesting a role for fertilin a in sion. It has been previously reported that the monoclonal
antibody PH-30 inhibits sperm±egg fusion (Primakoff et al.,fusion is that synthetic peptides corresponding to the puta-
tive fusion peptide of guinea pig fertilin a can induce the 1987); there are no published reports of studies of the effect
of the PH-30 antibody on sperm binding, although it hasfusion of lipid vesicles (Muga et al., 1994); these experi-
ments have not been performed with mouse fertilin a pep- been noted that unpublished data indicate that this anti-
body does not reduce sperm binding (Myles, 1993). How-tides. It has been noted, however, that the corresponding
regions in rabbit, monkey, and mouse fertilin a, and mouse ever, it should be noted that the PH-30 monoclonal anti-
body cross-reacts with fertilin b (Blobel et al., 1990), andmeltrin a, are not well conserved nor are they as hydropho-
bic as guinea pig fertilin a (Hardy and Holland, 1996; Huo- thus may target an epitope on fertilin b speci®cally involved
in fusion, while recombinant fertilin a-EC encompasses do-vila et al., 1996). It is possible that the fertilin a homologs
in these species may not interact strongly with lipids, in- mains that are involved in binding. Further work is neces-
sary to resolve the complexities of these processes, as wellduce lipid vesicle fusion, or directly participate in sperm±
egg membrane fusion. A direct role of recombinant fertilin as to elucidate ligand-acceptor/receptor relationships be-
tween egg and sperm molecules. Since recombinant fertilina-EC or fertilin a from any species in sperm±egg fusion
remains to be demonstrated experimentally. a-EC exhibits many properties similar to sperm and appears
to mimic fertilin a on sperm, this protein should be anIt is likely that sperm binding and sperm±egg fusion are
mediated by complementary but distinct molecules on both excellent probe for identifying its binding partner(s) on eggs.
gametes. In other systems, such as virus±cell fusion, one
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